Objective. Provide an analysis of the total ozone variations over Vernadsky Antarctic station (Faraday Base until 1996) from long-term ground-based and satellite series. Study the discrepancies between the data of different instruments. 
INTRODUCTION
Total ozone content (TOC) in the Antarctic Region has been retrieved from ground-based observations started in the 1950s. TOC is traditionally measured in Dobson Units (DU); 1 DU corresponds to a gas layer with thickness in 0.01 mm under normal atmosphere conditions (temperature 0 °C and atmospheric pressure 1013 hPa); this is equal to 2.69 · 10 20 O 3 molecules per m 2 . The observations with Dobson spectrophotometer were begun at the British Antarctic Survey (BAS) Faraday station located on Galindez Island near western shore of the Antarctic Peninsula. Later, in 1996 the Faraday station was transferred to Ukraine and renamed as Akademik Vernadsky (hereinafter referred to as Vernadsky station). Among several scientific studies, measurements of total ozone content were prolonged and now they have yet covered time span nearly 60 years (Kravchenko et al., 2009) . Note that observations at Halley and Faraday (BAS) served to the ozone hole discovery in the mid1980s (Farman et al., 1985) .
Negative trends in total ozone levels were largest during the 1980s-1990s (Solomon, 1999) with the following ozone stabilizations and signs of the forecasted recovery (Kuttippurath et al., 2013; Siddaway et al., 2013 , Chipperfield et al., 2017 . Minimal total ozone values close to 100 DU are observed in the inner part of the stratospheric polar vortex around the South Pole. Intensity of the polar vortex is determined by dynamical factors, in particular planetary wave activity (Waugh and Randel, 1999) . High planetary wave activity results in the polar vortex edge deformation that is accompanied by strong (up to 150-200 DU) variations in total ozone content. These events are regularly observed at the Vernadsky station as well. Typically, the vortex is preserved to late November or December consisting in the polar air masses that are poor by ozone. After the polar vortex destruction, mixing the polar and moderate air causes increase in ozone levels. Consequently, dynamical processes are significant for total ozone interannual variations and chemical processes determine its long-term changes (Chipperfield et al., 2018) , which is very important for prediction of ozone layer recovery.
Almost continuous satellite total ozone observations have been provided from the end of 1978. First long-term ozone data series were obtained with Total Ozone Mapping Spectrometer onboard the Nimbus-7 satellite (Stolarsky et al., 1986). Satellite observations have a clear advantage in Earth's surface coverage. The satellite observations are usually realized in the near-ultraviolet spectral range similarly to the ground-based Dobson and Brewer measurements. Respectively, their data do not cover the polar night areas. The TOC values obtained under high solar zenith angles have a restricted quality. Ground-based instruments also exhibit large errors under those conditions due to low intensity of ultraviolet light (Basher, 1982). As a result, the intercomparison between satellite and ground-based ozone data series is necessary to retrieve reliable values (Fioletov et al., 2008 2, 3.3) . In all the cases, total ozone models with 6-hour step calculated for Vernadsky station from mea surements of a single instrument were taken for processing. For OMI data, individual measurements close to Vernadsky station are also analyzed (Subsection 3.4). The analysis was realized for the Dobson spectrophotometer observations under different conditions (Direct Sun, Zenith Blue and Zenith Cloud types). In principle, using SCIAMACHY, GOME2, and OMI data is common to estimate tendencies in total ozone during last years (Chipperfield et al., 2018) .
Long-term variations in the total ozone level over the Faraday/Vernadsky station have been estimated as well. Main attention was paid to spring season (September-November in the Southern Hemisphere) when minimal total ozone is observed over the Antarctic Region. Spring ozone decrease was followed by stabilization in the ozone layer, which begins from the early 2000s according to long-term data. This tendency is evident both from groundbased and satellite observations. Minimal TOC values over the Vernadsky station exist during the ozone hole conditions, in September-October. They reach 150 Dobson Units (DU) and sometimes are below that value. A threshold value for ozone hole conditions is equal to 220 DU.
DATA. TOTAL OZONE MEASUREMENTS OVER FARADAY/VERNADSKY STATION
Total ozone measurements at the British Faraday Antarctic station (65.25°S, 64.27°W) started from 1957. Only Dobson spectrophotometers (No. 051, 073, 031, 103, and 123) were used for the measurements during the past six decades. Faraday/Vernadsky station ozone data are presented on the World Ozone and Ultraviolet radiation Center (http://woudc.org); monthly values are available on the British Antarctic Survey's site (https://legacy.bas.ac.uk/met/jds/ozone/ index.html). The observational season lasts during nearly ten months between late July and late May. Extremely high solar zenith angles around June solstice are critical obstacle to retrieve total ozone levels using near ultraviolet radiation. Consequently, monthly values are analyzed only for the August-April ti me range (nine calendar months).
Before the late 1970s, seasonal cycle of total ozone in the Antarctic Region had shown maximal values during spring season (September-November in the Southern Hemisphere, Fig. 1 ). All monthly total ozone levels were between 250 and 400 DU with relatively low ones in April and August. Maximal monthly means reached 400 DU in October and November that is similar in general to the typical spring ozone maximum in the Northern mid-and high latitudes. At this, the Northern Hemisphere maximum was higher and more durable but these discrepancies were not crucial. Later, from the early 1980s, the so-called ozone hole (Farman et al., 1985) developed with monthly total ozone decrease from 300-350 DU in the pre-ozone hole years to 150-200 DU. The sharp decrease cover time range to the mid-or late 1990s with the following stabilization. Total ozone changes in southern summer and autumn were not so drastic. The ozone hole phenomenon causes a respective growth of ultraviolet radiation intensity on the surface. Ozone hole level is defined as 220 DU corresponding to the values which were not observed before the 1980s (Fig. 1) . In the last years, ozone hole is observed at Vernadsky station during September-November. Low values are registered not during the whole spring due to location of the station in the edge part of the polar stratospheric vortex. As a result, planetary wave activity influences total ozone content with noticeable variations (right part of Fig. 1) .
The seasonal changes in total ozone are more uniform after the ozone hole development. The total ozone values slowly decrease up to late autumn. Significant variations are not observed during this period similarly to the typical mid-latitude ozone cycle. Before the winter gap in the observations, total ozone is close to 250 DU with some long-term diminution. Rarely, separate values higher 300 DU should be observed. 
RESULTS

Total ozone over the Antarctica in spring
Satellite observations allow obtaining near-global ozone distribution. The data should be processed to retrieve monthly distributions. The Nimbus- 7 (1979, 1991) and OMI (2014) monthly means in the middle and high southern latitudes are presented in Fig. 2 . They indicate main steady features in the Antarctic ozone distribution. The satellite measurements demonstrate the ozone hole deepening in the 1980s and 1990s with the following stabilization from the late 1990s (Grytsai et al., 2017). Significant interannual variations exist and ozone hole is stretched into the Atlantic longitudinal sector due to quasi-stationary planetary wave impact (Grytsai et al., 2007) .
The 1979 October data exhibit monthly values exceeding the ozone hole level by several tens DU even in the inner part of the polar stratospheric vortex. Location of the ozone minimum is asymmetrical in its longitudinal position shifted to the South American longitudinal sector. A wide region with high ozone levels (400 DU and larger) covers the latitudes of 45-70°S, this phenomenon is sometimes described as 'collar'.
The plots for 1991 and 2014 present the ozone hole conditions, which are usual for the last three decades. The ozone hole area is equal to many millions km 
Dobson measurements and satellite overpasses
The OMI overpasses include measurements with distance from Vernadsky station not exceeding 100 km (http://www.temis.nl/protocols/O3total.html, Veefkind et al., 2006). They were compared with groundbased Dobson data for the same day. The similar study for 1996-2005 period has been provided by authors on the base of TOMS data (Kravchenko et al., 2009 ). In the recent analysis the total ozone from both the data series is presented in Fig. 3 . Vernadsky station climate conditions strongly limit a number of Direct Sun measurements, which are of the best quality among all types of Dobson measurements. Respectively, Zenith Cloud data predominate. Zenith Cloud Dobson and OMI data usually do not exhibit systematical deviations except the beginning of observational season with high solar zenith angles as the example for the 2016-2017 season exhibits. In this time range, Dobson data are relatively lower. An opposite pattern was realizes during the summer season.
Discrepancies between ground-based and satellite measurements could be caused by both real differences and observational errors. Real differences are connected with spatial and temporal distinctions in the measurements. Overpasses are taken at distances that don't exceed 100 km, and time range between the groundbased and satellite observations is to several hours. Under typical mid-latitudes, these distinctions are not crucial (Grytsai and Milinevsky, 2013) . The situation could be opposite in separate cases of the sharp total ozone gradient, in particular while observational station is located near an edge of the ozone hole.
Observational errors are usually conditioned by restrictions in the algorithms used. For Dobson measurements, there is influence of the light scattered within the instrument, uncertainties in the ozo ne absorption coefficients, quality of the statistical approximations which are necessary for zenith observations (Basher, 1982; Redondas et al., 2014) . Quality of the satellite measurements is limited by impact of clouds and underlying surface that makes the corresponding algorithm more complicated relative to the ground-based one. Despite many factors increasing differences between satellite and ground-based measurements, typical values of the differences are below 3 % (nearly 10 DU, Fioletov et al., 2008) . Respectively, the majority of the Vernadsky station data are within the range of distinctions on OMI overpasses.
Comparison between the model and ground-based data
To study quality of the ground-based and satellite measurements over Vernadsky station, Dobson data were compared with the data of OMI, GOME2a, GOME2b and SCIAMACHY (http://www.temis.nl/protocols/ O3global.html, Eskes et al., 2003) . Data of the satellite instruments have covered time range from the 2002-2003 Vernadsky station observational season. In particular, models calculated from the satellite data were used for comparison with results of the Dobson mea surements. The model values are calculated with a 6-hour step for 00, 06, 12, and 18 UT. The 18 UT data were considered as the closest in time to (14 LT) to the Vernadsky station measurements. Examples of the seasonal changes in the 'OMI model -Dobson' differences are presented in Fig. 4 . Fig. 4 exhibits that typical discrepancies between OMI model and Vernadsky Dobson daily means are mainly in the range of ±20 DU. Larger deviations are rare, and they are observed predominantly on the beginning and at the end of the observational season. In principle, deviations between the ground-based and satellite ozone data could be conditioned by many causes. Partially, total ozone is measured in a few different space points and different time moments the re fore it is not completely equal. Besides, distinct algorithms are utilized in the ground-based and satellite measurements. Of course, the algorithms have different precision and own restrictions. In our case, errors increase at high solar zenith angles. Dobson total ozone values are predominantly lesser that could be connected with worse quality of the Dobson measurements at low intensity of solar radiation (Basher, 1982) . In the same time, large deviations during the ozone hole development should be conditioned by measurements at the distances in tens kilometers. In the edge region of the ozone hole, these values should have a significant meridional gradient.
Seasonal means and standard deviations for the model-Dobson differences were calculated (Fig. 5 ). The OMI model exhibits worse correspondence with Vernadsky station Dobson data that is seen from higher stan dard deviations and large mean differences during se parate years, in particular 2009-2010. Last four ana lyzed seasons are characterized by a relative total ozo ne underestimation by Dobson reaching 4-12 DU for seasonal mean. It is interesting that three models (OMI, GOME2a, GOME2b) show very similar diffe rences with Dobson spectrophotometer data for the se seasons. The models based on the GOME2a and GOME2b also have very close double standard deviations with Dobson data.
CONCLUSIONS
According to analysis the Dobson and satellite total ozone column data over Faraday/Vernadsky station have shown the total ozone decrease during the 1980s-1990s (mainly in spring) with a following stabiliza- 
